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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
Topic #1: Issues for 4Tx (Agenda 5.5.2.1)
[bookmark: _GoBack]Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304161
	Nokia, Nokia Shanghai Bell
	Relation between configured transmitted power and TPMI configuration
Observation 1: Current TS38.101-1 doesn’t reflect what TS38.213 expects in terms of configured transmitted power range.
Observation 2: Current TS38.101-1 allows higher power more than TS38.213 expects.
Observation 3: Without considering the impact of port configuration on configured transmitted power, UE behaviours in terms of power (and also applicable MPR/A-MPR conditions) is not clear.
Observation 4: Uncertainty of expected achievable UE power (and MPR/A-MPR) may lead to inefficient allocation of resources.
Proposal: Address the identified issue to enable UE behaviours in terms of power to be interpreted uniquely.

	R4-2304390
	Qualcomm Technologies Int
	4 Tx RF issues
Proposal 1: No need to revisit power fallback behavior established in Rel. 15 where output power scales with the number of transmit ports. 
Observation 1: The 4Tx UE can support full power operation (29 dBm) for rank2 UL using ULFPTx Mode1.
Observation 2: The 4Tx UE can support full power operation (29 dBm) for rank2 UL using ULFPTx Mode2.
Proposal 1: Verify full power rank2 UL operation for the 4Tx PC1.5 UE.
Proposal 3: Agree on a single MPR table for both low and high antenna isolation scenarios.

	R4-2304609
	LG Electronics
	4Tx UE RF requirements
Number of Requirements set 
Proposal 1: Define 2 sets of MPR requirements for CPE/FWA, and Vehicular UE.
MPR 
Proposal 2: Consider MPR as provided in Table 1 for PC1.5 4Tx (4x23dBm) for Vehicular UE with antenna isolation of 10dB.
Proposal 3: Consider MPR as provided in Table 2 for PC1.5 4Tx (4x23dBm) for CPE/FWA with antennal isolation of 20dB or above.
Power class fallback
Proposal 4: Define TPMI index of ‘0’ when UE power class does fallback to PC3 with 4x23dBm.
Proposal 5: Define TPMI index of ‘4’ when UE power class does fallback to PC2 with 4x23dBm.
Proposal 6: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under UL-MIMO operation with 4x23dBm.
Proposal 7: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under non-MIMO operation with 4x23dBm.
PCMAX tolerance
Proposal 8: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity.

	R4-2305081
	vivo
	Discussion on 4Tx UE RF requirements
Proposal 1: For 4Tx, the only mandatory test configuration for minimum requirements to achieve nominal maximum output power associated with power class would be 4-layer configuration.
Observation 1: Based on diverse implementations and various configurations, it is impossible to set up mandatory requirements for all UEs to achieve full power in 1/2/3-layer case.
Proposal 2: If more configuration(s) be considered for ULFPTx mode(s) for test configuration and requirements, Mode 1 with TPMI = 6 for 2-layer seems to be a good candidate.

	R4-2305295
	Xiaomi
	Discussion on 4Tx on for CPE FWA vehicle industrial devices
Observation 1: the number of possible test case for 2Tx capable UE could be large if all the fall back power class should be tested.
Observation 2: the number of possible test case for 4Tx capable UE could be larger if all the fall back power class and configurations should be tested.
Proposal 1: when defining the requirements for 4Tx, how to reduce test case for 4Tx capable UE should be also considered. 

	R4-2305561
	Huawei, HiSilicon
	On UE RF requirements for 4Tx
Proposal 1: Confirm the understanding that for 4Tx UE, the power class is a static value depending on reporting and not subject to change for different configurations 
Proposal 2: No need to consider verification of full power rank2 UL operation.
Proposal 3: It is proposed to agree the MPR requirements as above in Table 1 and Table for different antenna isolation assumptions.

	R4-2305562
	Huawei, HiSilicon
	draft CR to TS 38.101-1 4Tx requirements (phase 1)

	R4-2305707
	MediaTek Inc.
	Discussion on FR1 4Tx UE RF requirements
 
Proposal 2: RAN4 to specify the maximum achievable output power for a configuration via ΔPpower_class in PCMAX calculation.
Proposal 3: RAN4 to check at first and agree on the potential or feasible antenna isolation for different UE types (i.e., CPE/FWA/vehicle/industrial devices) before specifying MPR requirements for 4Tx PC1.5.


	R4-2305810
	Skyworks Solutions Inc.
	Input on 4Tx MPR and antenna isolation assumptions
Proposal on antenna isolation assumption for 4Tx PC1.5 4x23dBm PA MPR: Two sets of antenna isolations are considered to derive MPR:
· 16dB antenna isolation which would enable to reuse the smartphone MPR from Table 6.2D.2-2 for small form factor CPE/FWA/vehicle/industrial devices. This would not require higher PCB isolation assumptions than for smartphones
· 26dB antenna isolation which would enable to reuse the smartphone MPR from Table 6.2D.2-1 for large form factor CPE/FWA/vehicle/industrial devices. This would require improved PCB isolation.
Editor’s note: The table numbers here may not be correct.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Test configurations needed
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified? 
· Proposals
· Option 1: No
· In line with current requirements
· Option 2: Yes
· Fall back cases would be discussed and defined.
· Recommended WF
· TBA

Discussions in GTW:
Skyworks: we have to test different things like fallback. My assumption is that UE needs to clarify which power class is supported for fallback. Issue 1-1-1 covers all the signaling needed.
Nokia: it is better discuss the impact of power scaling. It is not releasitic to report all the possible configuration associated with achievable power. We can move the other topic first.
Qualcomm: 4x23 configuration. Fall back power scaling needs not be verified for such configuration. RAN1 has already described the power scaling rule.
Mediatek: for 4Tx, we have not only 4x23. We also have other configuration. We list different PA configuration and achievable output power. As we proposed in our paper, we can use PCmax configuration of power and delta power class. At least we can focus on achievable power class. We cannot verify all the configurations. We should identify which configuration should be verified.
Oppo: one thing is power scaling and the other is fallback. These two things can be decoupled. No specific issue needs be discussed for this case for scaling. For fall back, option 2 can be applied for this. It is not clear whether UE needs to keep power class for this case.
Huawei: based on WID, we have two phases for 4Tx requirements. For phase one we only consider 4x23dB. I wonder if we can go with option 1 if we only consider 4x23dB.
Ericsson: in our view, the single antenna port fall back needs be verified. We can discuss the test scope. The single port needs be considered. We agree with OPPO.
Vivo: regarding concept of power scaling and fall back, there is no specific differentiation made when the issue is identified. We can understand OPPO idea. We can leave power scaling in RAN1 spec only. We only test full power cases. For using less four ports, our understanding is similar to Huawei. At least in the first stage we may choose the basic case.
Nokia: it is about maximum power case?
Ericsson: We agree with Nokia, no matter the PA configuration.
Meta:  we can agree with the step by step approach. in 1st phase, RAN4 only consider 4x23dBm. In 2nd phase, the fallback mode will be further discussed.
OPPO: For no fallback mode test, it applies all the power classes.
Ericsson: We disagree with no fall back test. We need consider the single port fall back test. Network is not aware of the PA configuration.
Huawei: For single port transmission, we agreed that UE needs to support TxD to fulfil the Tx power.
Ericsson: TxD indication is also OK.
LGE: 4x23dB means PC1.5. Why do you consider different power classes?
OPPO: we want to further clarification whether UE needs to keep the same power class.
Huawei: we need understand the fall back mode. It means the out power is lowered down.
OPPO: different power class means the different antenna port configuration.
T-Mobile: 4x26 dBm = PC1 is also of interest.
Qualcomm: does it mean if we have four ports we have 29dBm, 26dBm with two ports, 23dBm with single port?
Huawei: companies may have different view on fallback mode. We can just use for different antenna configuration.
Mediatek: fall back is misunderstanding. Power class is static value of max of max power. 
Apple: indeed the fallback is confusing. RAN4 general consensus is the UE capability is for single power class no matter what ports will be used. Power fall back is just to meet the regulation with duty cycle.
Qualcomm: Is it related to maximum configured power in 1-3 as well?
Mediatek: this is just part of Pcmax. 
Nokia: we have same understanding as Mediatek.

Tentative Agreement: 
· For 4x23dBm use case, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power class is static for the band and UE can achieve the different output power with different antenna configurations.

Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification? 
· Proposals
· Option 1: No
· Option 2: Yes
· Option 2a, Mode 1 only
· Option 2b. Mode 1 + Mode 2
· Recommended WF
· TBA

Discussions in GTW:
Huawei: since we only consider 4x23dBm, we can consider option 2a.
Vivo: we prefer option 1, which is more simple. We may consider rank-2.
Qualcomm: Support option 2b. This is for 4x23dBm configuration. Why is mode 2 not be considered with mode 1.
Mediatek: For this issue, is antenna virtualization considered here? Mode 1 and mode 2 are used for two Tx. What is the TPMI values for each mode.
Vivo: if we would like to verify this, the target is full power transmission mode. We think that full power is meaningful here. To Qualcomm, we prefer that mode 1 only.
Ericsson: support option 2b.
Huawei: agree with moderator view. We should have minimum scope for phase 1 requirements. I can accept option 1. Mode 2 can be further discussed in phase 2.
Apple: if the configuration is only 4x23dBm, only option 2a is possible. Why is option 2b possible? PA is only 23dBm.
Qualcomm: we will use 2x2 for each virtualized TxD.


Sub-topic 1-2 MPR requirements
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-2-1: The antenna isolation for 4Tx PC1.5 4x23dBm PA MPR.
· Proposals
· Proposal 1: Two sets of antenna isolations are considered to derive MPR.
· 16dB antenna isolation
· Enable to reuse the smartphone MPR Table 6.2D.2-2
· Not require higher PCB isolation assumptions than for smartphones
· 26dB antenna isolation
· Enable to reuse the smartphone MPR from Table 6.2D.2-3
· Require higher PCB isolation assumptions
· Recommended WF
· TBA


Issue 1-2-2: What MPR requirements should be used? 
· Proposals
· Option 1: As in R4-2305561; The values are bases on last meeting multiple contributions
[image: ]
· Option 2: As in R4-2304609;
[image: ]

· [bookmark: _Hlk132298346]Option 3:  Agree on a single MPR table for both low and high antenna isolation scenarios
· Option 4: Other
· 
· Recommended WF
· TBA

Discussions in GTW:
Qualcomm: we have so many tables. Can we agree on one table to cover all?
AT&T: it is important to continue FWA from other device types. There are number of cases for inner which are quite different. We should continue maintaining different tables. Follow the previous agreement using better isolation.
Skyworks: in principle, we are OK to have a single table in the end. We have issues for isolation. If we take 10dB and compare to two Tx, it means that actually interference level is a few dB higher. It means 10dB isolation is not feasible. We show what isolation level is feasible. 10dB isolation for 4Tx means 5dB worse than 2Tx in terms of interference.
LGE: support two sets of requirements. The existing requirements have two sets for FWA and other UE types. For antenna isolation, we need keep the same isolation values in Rel-16 and Rel-17. We do not consider enhanced UE for 4Tx. The same isolation values can be considered.
Vivo: in the current situation, we propose to just use option 1.
Mediatek: we tend to agree with skyworks. Antenna isolation is key point. We can consider reusing the existing requirements by changing isolation.
OPPO: tend to agree using single table.
Huawei: we are open to single or two tables.
Meta: We are prefer to define two set based on antenna isolation. But Majority view is to define just one MPR Table, then we prefer to define MPR with 10dB isolation level for FWA device as worst case.


Sub-topic 1-3 Relation between configured transmitted power and TPMI configuration
Sub-topic description:
This is not an issue specific for 4Tx, but for all the cases when power scaling is needed for legacy case and also Full Power transmission Mode when the full  power can not be applied for some TPMI configurations. Here are some of the status:
1. According to RAN1, there are power scaling Rel-15 and in certain TPMI configurations for ULFPTx modes  to reduce the maximum output power;
2. The UL-MIMO maximum power requirements do not verify the power scaling behavior;
3. The configurated transmitted power definition also do not consider the power scaling;
4. The PHR calculation do not consider power scaling.

Open issues and candidate options before meeting:
Issue 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition.
· Proposals
· Option 1: No.
· This is the current 38.101-1 status.
· Option 2: Yes
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
· Recommended WF
· TBA

Issue 1-3-2: Whether acceptable for UE to have power scaling even using an unscaled configurated transmitted power, in other word not able to achieve Pcmax it reports, e.g. for certain TPMI configurations;
· Proposals
· Option 1: Yes.
· Corresponds to option 1 in Issue 1-1
· Reported PHR would be higher than the real value in certain configurations, though may be known to the network
· Option 2: No
· Corresponds to option 2 in Issue 1-1
· Reported PHR would be the real value, but the configurated transmitted power may be much more complicated.
· Recommended WF
· TBA

Issue 1-3-3: What kind of solution might be way forward?
· Proposals
· Option 1: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI
· Pcmax may not be always achievable under certain configuration
· Corresponds to option 1 in Issue 1-1 / 1-2
· Option 2: Consider revising RAN4 spec, that Pcmax can be adjusted by TPMI
· Pcmax can always be achievable, or introduce a maximum achievable output power for a configuration via ΔPpower_class in PCMAX calculation
· Corresponds to option 2 in Issue 1-1 / 1-2
· Recommended WF
· TBA

Sub-topic 1-4 Others
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-4-1: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity.Discuss the draft feature CR 
· Proposals
· Proposal 1:
· Table 4: Example of PCMAX,c tolerance for 4 Tx UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0



· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 

Sub topic 1-1 Test configurations needed
	Company
	Comments

	LGE
	Issue 1-1-1 
We think that non-full power is already addressed with ‘the supported power class with considering dutyCycle and IE P-Max’ in the current specification. So, option 1 can be supported.
Issue 1-1-2
Full power rank2 configuration can be complicated depending on PA configurations, e.g, 4x23dBm, 2x23dBm+2x26dBm and 4x26dBm. Considering the prioritized 4x23dBm, option 1 is preferred to avoid the complexity.

	Meta
	Issue 1-1-1 
Option 2. RAN4 need to discuss how to support UE power fallback to PC2 and PC3. 
Issue 1-1-2
Option 2a only Mode 1. For FWA device type can support full power rank2 with 4x23dBm PA as first priority. It can further discuss the detail rank2 mode 1 or mode 2 to verify the full power rank 2 configuration. 

	OPPO
	Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified? 
The non-full power here seems include two cases, one is the power scaling, the other is the power fallback. 
For the power scaling, it seems talking about the power reduction ratio defined by RAN1 in Rel-15 where the full power is scaled by the ratio of Tx port numbers with transmit power to the whole configured Tx power number. If this is the case, then Option 1 is ok, and no specific issue needs to be discussed for 4Tx. 
For the fallback case, where the configured Tx ports is reduced from 4 to 2 then to 1. Then Option 2 needs to be further discussed. For example, do we allow the UE change its max power capability from PC1.5 to PC2 then to PC3.

Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification? 
Prefer Option 1, only verify the highest configurations and the single port configuration. This probably is similar case as 8Rx where we only focus on the single port and 8 port configurations.

	Huawei
	Issue 1-1-1 
Option 1 for phase 1 requirements. 
Issue 1-1-2
Option 2a only Mode 1. In phase 1 we only consider PA configuration of 4x23dBm. When different PA configurations, e.g. 2x23+2x26dBm, 4x 26dBm, considered later, we can further discuss mode 2 and corresponding configurations. 

	Qualcomm
	Issue 1-1-1
Option 1
Issue 1-1-2
Option 2b. We think that in this phase both modes can be considered.

	Nokia
	Issue 1-1-1 
Close to Option 2: We believe configured transmitted power shall be able to reflect true UE behaviors, e.g., introduction of scaling factor, while we are not in the position to propose that a UE needs to pass all the possible power state depending on TPMI configuration.  
Issue 1-1-2
Option 2: We need to address both but we can start with Option 2a first.

	Ericsson
	Issue 1-1-1:
Option 2 since there are different understanding on the notion of fallback. For fallback to single-port antenna transmission (such as scheduling with DC 0_0) we expect that the UE meets its advertised power class (can be with TxD). 
Issue 1-1-2:
Option 2b at this stage considering the scope of the WID (not only PC1.5 with 4 x 23 dBm)


 
Sub topic 1-2 MPR requirements
	Company
	Comments

	LGE
	Issue 1-2-1
The proposed antenna isolation values are not acceptable. Because, the values are different from the assumed antennal isolation values in Rel-16/17 and are proposed to reuse the current MPR based on 2Tx.  
Issue 1-2-2
First, 2 sets of requirement are necessary. Because difference of MPR is obviously observed from simulation results. So, Option 1 and Option 2 are supported. Preference is Option 2. However, we can discuss how to merge the MPR of antenna isolation 20dB in Table 2 in Option1/2.

	Meta
	Issue 1-2-1
Antenna isolation level will be considered with 10dB or 20dB.  
Issue 1-2-2
Option 4 RAN4 can define multiple MPR table according to antenna isolation. And the MPR values will be derived based on the average manner from the interested companies’ MPR results.

	ZTE
	Issue 1-2-1
Antenna isolation level will be considered with 10dB or 20dB.  
It is fine to adopt two sets of antenna isolations are considered to derive MPR. But in issue 1-2-2, 10dB and 20dB are adopted for MSD evaluation. 
Issue 1-2-2
We also think 2 set of requirements are necessary due to the different MPR values for different antenna isolation. So either option 1 and option 2 would be fine. Slightly prefer option 2.

	OPPO
	Issue 1-2-1: The antenna isolation for 4Tx PC1.5 4x23dBm PA MPR.
Not quite clear where the antenna isolation 16dB and 26dB comes from and the targeting UE types.
Issue 1-2-2: What MPR requirements should be used? 
Though understood the antenna isolation impact on the coupling issue, but in the RF test this is not shown in the results, then probably one set of requirements is ok and not emphasize the antenna isolation differences.

	Huawei
	Issue 1-2-1
Thanks Skyworks for the measurement evaluation. From requirements perspective, we can consider antenna isolation levels with 10dB or 20dB.  
Issue 1-2-2
We are open to have further refinement based on MPR values in option 1 and option 2. 

	Qualcomm
	Issue 1-2-1
For alignment with previous releases we think that it is better to consider antenna isolations of 10 dB and 20 dB
Issue 1-2-2
We would prefer to have one table for both antenna isolations. This can be one of the 10 dB antenna isolation tables from option 1 or 2 

	Skyworks
	Issue 1-2-1 if a compromise for a single table based on 16dB isolation was agreed, the current smartphone 2Tx PC1.5 MPR would apply (Table 6.2D.2-2). This would only require a note saying for 4Tx antenna isolation is assumed better than 16dB
Whether RF test is currently conducted and thus antenna coupling is not relevant is not a valid argument as otherwise we would also have to reconsider any REFSENS or MSD. The requirement has to be relevant for the system and future proof for OTA test.
Issue 1-2-2 we will evaluate the MPR based on 10dB isolation further but we need to make sure there is a gain which is debatable with 2dB MPR for inner



	AT&T
	Issue 1-2-1:
We need to consider antenna isolation level of 20dB or higher for CPE/FWA. We are OK to consider antenna isolation of 10dB for Vehicular UE or other industrial devices.  
Issue 1-2-2
If MPR values will be taken based on Option 1 or Option 2, we think that two sets of requirements are necessary due to the different MPR values for different antenna isolation and to ensure that CPE/FWA device performance is not degraded as primary target for 4Tx is CPE/FWA. We already have separate MPR tables to accommodate CPE/FWA devices in the specification. This doesn’t seem to add any additional complexity to have two tables. We cannot agree to Option 3.
We are OK to take Option 1 as a starting point for discussion on the CR as discussed on the GTW.


 
Sub topic 1-3 Relation between configured transmitted power and TPMI configuration
	Company
	Comments

	LGE
	Issue 1-3-1
Support Option 1.
Issue 1-3-2
Support Option 1
Issue 1-3-2
Support Option 1.

	OPPO
	Issue 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition.
Option 1. Pcmax is the upper limit of power control defined in RAN1, and in RAN4 spec it was defined based on the TPMIs which can derives the max power and be used in the tests to verify UE performance.
Issue 1-3-2: Whether acceptable for UE to have power scaling even using an unscaled configurated transmitted power, in other word not able to achieve Pcmax it reports, e.g. for certain TPMI configurations;
Option 1. The Pcmax defined in RAN4 is based on certain TPMIs and be verified with that. For the TPMIs which is not covered by RAN4 spec, UE still follows the RAN1 power control and derive the target Tx power.
Issue 1-3-3: What kind of solution might be way forward?
Option 1. The Pcmax defined in RAN4 is based on certain TPMIs and be verified with that.

	Huawei
	Issue 1-3-1
Prefer Option 1. Issues if identified could be further considered in phase 2.
Issue 1-3-2
Prefer Option 1. 
Issue 1-3-2
Prefer Option 1.

	Nokia
	Issue 1-3-1
Option 2: It is not possible for network to expect what UE is doing with the current spec. Note that we don’t have intention to specify requirements for all the associated with TPMIs in max power requirements. However, configured transmitted power should have clearly accommodate possible power (with expected number of Tx chains). Otherwise, .e.g, which MPR is being used is also not clear.
Issue 1-3-2
Option 2: With the current specification, what is the requirement is not clear. The difference between expected power with RAN1 and that with the current RAN4 becomes even larger for 4Tx than for 2Tx. Otherwise, the requirements are meaningless. 
Issue 1-3-3
Option 2: Modifying the current specification comes later after we have a common understanding on the difference of configured transmitted power between that with RAN1 spec and that with RAN4 spec. We strongly disagree with the text of “Pcmax may not be always achievable under certain configuration” in the Option 1. If this was allowed, gNB wouldn’t be able to trust PHR at all. UE cannot always achieve maximum output power as power class. That is why we have a range of PCMAX, f, c, where UE can choose one value as PCMAX, f, c from the range. If UE cannot always achieve reported PCMAX, f, c , what is the meaning of PCMAX, f, c,….

	Qualcomm
	Issue 1-3-1
Option 1

Issue 1-3-2

Option 3: Based on the post GTW comment where it was agreed:
· For 4x23dBm use case, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power class is static for the band and UE can achieve the different output power with different antenna configurations
We agree the reported PHR should reflect the applicable Pcmax for that uplink instant

Issur 1-3-3

Option 3, other: This is the key goal referenced in the proponent's contribution: 'power to be interpreted uniquely’ by gNB. Considering the comments from other companies we would like to suggest a compromise to help the gNB; RAN4 adopt a less intrusive approach to the UE  by agreeing that the reported PHR should reflect the applicable Pcmax for that uplink instant. We are open to discussing whether an explicit test is required to verify this behavior. Even without a requirement this type of agreement would further a common understanding of desired UE behavior from a network scheduler perspective.

	Nokia
	To MTK and also to Qualcomm
MTK proposed to use ΔPpower_class to scale down the power in their contribution. In our view, we need to have a different exclusive parameter to address this.
Since current 3GPP specification is defined as the upper limit first way, i.e., PC is the king. Then, the king can be demoted to queen (- 3dB), knight (-6dB), etc., due to various reasons.
To make an example simpler, assume 2Tx fullpower mode 1 PC2. e.g., if we introduce ΔPpower_class is 3 dB for TPMI 0 or 1, i.e., ΔPpower_class = 10*log(1/s) = 10*log(2) = 3 dB.
Now as far as e.g., UL duty cycle doesn’t exceed the limit, it is OK, but what if uplink duty cycle exceeds the limit? ., ΔPpower_class has a different definition associated with UL duty cycle. We cannot double count them. Since scale down due to scaling factor is not related to power reduction due to uplink duty cycle.
So, perhaps, we need to set a new parameter ΔPs = 10*log(1/s) and we just take max (ΔPpower_class, ΔPs) and the max is subtracted from the advertised power class in Pcmax lower and upper boundary calculation.

	Ericsson
	Issue 1-3-1:
Option 1. This is also consistent with the 38.213.
Issue 1-3-2:
Option 3: other. We expect that the UE follows the 38.213 and the power scaling used with an UL output power according to the power-control equations. The power scaling for a given UL output power depends on the mode configured and the DCI/configured grants. In our understanding, the PHR is always based on the actual Pcmax,f,c configured by the UE within the range specified by RAN4 and does not change with power scaling for different antenna ports configured.
Issue 1-3-3: 
Option 3: the Pcmax,f,c is not affected by the TPMI in our understanding (Option 1 but not the sub-bullets).


 
Sub topic 1-4 Others
	Company
	Comments

	LGE
	Issue 1-4-1
Support Proposal. Considering 4Tx, the additional relaxation is needed. In Rel-16/17, 2Tx UL-MIMO was specified with relaxation compared to 1Tx. Same approach needs to be applied. 

	OPPO
	For clarification, where the additional 2dB tolerance in 23dBm-26dBm coming from comparing with 2Tx UL MIMO?

	Huawei
	Issue 1-4-1
We are open to have further discussion on the Pcmax tolerance for 4Tx.

	Qualcomm
	Issue 1-4-1

We think that this topic needs further discussion

	
	


 

CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2305562
	LGE : We can discuss it after technical discussion on-going.

	
	AT&T: We can discuss in the second round if there is a clear way forward from the technical discussion.

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
Sub topic 1-1 Test configurations needed
	
	Status summary 

	Sub-topic #1-1
	Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified?
Moderator’s summary:
Slight majority companies choose option 1 that non-full power cases are not need to be verified, while some companies insist that power scaling and/or fallback can be considered. During GTW session, there is also a view to try to differentiate the wording power scaling and fallback, but no on-line consensus can be reached for detailed explanation. 
Still, staged approach is acceptable for most companies, and starting with less controversial scenario is agreeable for most companies. 

Tentative agreements:
Tentative agreement in GTW as following:
· For 4x23dBm use case, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power class is static for the band and UE can achieve the different output power with different antenna configurations.
Candidate options:
Recommendations for 2nd round:
Discuss the 1st stage test configuration in the drart CR. 
Also discuss in the WF to see if the tentative agreements can be refined and agreed.

Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification?
Moderator’s summary:
The views are still divergent. A bit less than half companies think rank 2 configurations are not needed, while a bit more than half companies think at least UL full power mode 1 should be considered for rank 2. Even Mode 2 have two supporting companies.
Tentative agreements:
For the 1-phase draft CR, consider to include Mode 1 full tx power transmission configurations. If no consensus can be reached then no rank 2 requirements would be reached in the 2-stage CR.
Candidate options:
Recommendations for 2nd round:
Discuss the 1st stage test configuration in the drart CR to include full power mode 1 as starting point. 
Further discuss the necessity of Mode 2 in the future in next meeting.




Sub topic 1-2 MPR requirements
	
	Status summary 

	Sub-topic #1-2
	Issue 1-2-1: The antenna isolation for 4Tx PC1.5 4x23dBm PA MPR.
Moderator’s summary:
All but the proponent company prefer to continue to use 11/26dB antenna isolation as baeline.

Tentative agreements:
Continue to use 10/20dB antenna isolation as in legacy case in requirements derivation.
Candidate options:
Recommendations for 2nd round:
None.

Issue 1-2-2: What MPR requirements should be used? 
Moderator’s summary:
Most discussion is about one or two tables can be used, and antenna isolation selection. There is strong opinion on both one and two table options. A clear majority of companies‘ performance suggest to use 2 Table of separate requirements for two different antenna isolations. 
Tentative agreements:
Continue to use 10/20dB antenna isolation as in legacy case in requirements derivation.
Candidate options:
Recommendations for 2nd round:
Use Option 1 two tables requirements as starting points in the discussion of CR,




Sub topic 1-3 Relation between configured transmitted power and TPMI configuration
	
	Status summary 

	Sub-topic #1-3
	Issue 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition.
Moderator’s summary:
All but the proponent company prefer option 1, that power scaling related to ULFPTx TPMI(s) should not be considered in configured transmitted power definition. However, considering other issues are also related a hurry in this conclusion in this issue may not necessary. 

Tentative agreements:
None.
Candidate options:
Recommendations for 2nd round:
None.

Issue 1-3-2: Whether acceptable for UE to have power scaling even using an unscaled configurated transmitted power, in other word not able to achieve Pcmax it reports, e.g. for certain TPMI configurations;
Issue 1-3-3: What kind of solution might be way forward?
Moderator’s summary:
Companies are half - half in support and not support of the first issue, and there are clear different understandings and next step way forward.
Tentative agreements:
None.
Candidate options:
Recommendations for 2nd round:
Since this is the first meeting when these issues are raised, it is proposed to try list clearly the issues, and have further discussion and more tentative solutions.




Sub topic 1-4 Others
	
	Status summary 

	Sub-topic #1-2
	Issue 1-4-1: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity.Discuss the draft feature CR 
Moderator’s summary:
Most commenting companies think this issue need further discussion before conclusion.

Tentative agreements:
Further discuss this issue in next meeting.
Candidate options:
Recommendations for 2nd round:
None.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator’s Note:
The 2nd round discussion would focus on the WF discusion and draft WF, the main contents of draft WF has been copied here.
Test configurations needed
Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified? 
Agreement: 
· For Stage-1 cases, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power Scaling mentioned here is defined in RAN1 spec since Rel-15
· Fallback concept may need to be further clarified.
· E.g. UE would have different achievable maximum output power with different antenna configurations.
· For Stage-2 cases, more discussion is needed on this issue. 

Editor’s note: No agreements yet, comments are welcome
	Company
	Comments

	MediaTek
	To avoid confusion, “maximum output power with different antenna configurations” can be changed to “achievable output power with different antenna configurations” in the following sub-bullet:
· E.g. UE would have different maximum output power with different antenna configurations.
Other parts look fine to us.


	Nokia
	Firstly, we think it is necessary what each stage here exactly means. Does Stage-1 mean discussion on PC1.5 with 23 dBm x 4 PA configuration?
Regarding the 1st main bullet, wouldn’t it be better to replace “achievable power lower than power class or power scaling” with “achievable power lower than power class or due to power scaling”? Or have we been discussing achievable power lower than power class due to other than power scaling here?

	Moderator
(vivo)
	To MediaTek:
An “achievable” has been added into the example.
To Nokia: 
We may not having a very clear definition of Stage-1, but my current understanding is that the PC1.5 with 23dBm x 4 PA configuration belong to the Stage -1, and the draft CR currently under discussion is also try to conclude this Stage-1. 
In addition, we tend to let the wording stay as it is. for the power class and the power scaling relation, it is proposed not to further discuss this issue and make clarification here, since we do still have some unclear part about the fallback.

	Huawei, HiSlicon
	Stage 1 is PC1.5 with 4x23dBm PA configuration, which has high priority as described in the WID.
Ok with the tentative agreement. 
For the modifications, the version by MediaTek is aligned with our understanding. The intention in our understanding is to consider UE with 4Tx, 2Tx or 1Tx, which may have different output power. 

	Qualcomm
	Agree with tentative agreement that for stage 1 (4 X 23 dBm) cases no fallback mode and power scaling will be considered. On fallback concept:
· In our view the only defined power fallback concept is the powerclass fallback concept which allows the UE to adopt a positive delta(P_powerclass) due to ‘too high’ UL duty cycle. 
· It appears that issue 1-1-1 pertains to ‘layer fallback’. Perhaps ‘layer fallback’ can be defined for this discussion as ‘the UE is scheduled for UL over less layers in a single CC than there are SRS ports for that band’.

	Skyworks
	Ok with staged approach proposed with 4x23dBm being stage 1

	Ericsson
	Fallback to single-antenna port transmission (W = 1) shall be specified at the very minimum (example: for scheduling with DCI 0_0 shall meet the power class)

	Moderator (vivo)
	To Qualcomm: Is it ok to further discuss and differentiate the concept related to fallback in next meeting? Since all the issues here are actually keep open.
To Ericsson: The proposed single-antenna port transmission may better discussed within the draft CR, since here only high level guidelines.



[bookmark: _Hlk133290035]Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification?  
Agreement: 
· For Stage-1, Full power rank 2 configurations are not considered for verification.
· For Stage-2, more discussions are needed for the following options (Currently no Tx architecture precluded). E.g.
· Not needed
· Mode 1 only
· Mode 1 + Mode 2 

Editor’s note: No agreements yet, comments are welcome
	Company
	Comments

	Meta
	Prefer to focus on Mode 1 only in stage 2 with full power rank 2

	MediaTek
	Ok with the tentative agreement.

	LGE
	Fine with the tentative agreement

	Huawei, HiSilicon
	Ok with the tentative agreement. 

	Qualcomm
	For stage 1 full power rank 2 verification is need. Which ULFPTX modes can be used is FFS. Stage 2 verification details should be FFS

	Moderator
(vivo)
	Suggest to accept the tentative agreement as it is, since we are already closing Stage-1 currenlty and any further extension won’t help to speed the progress and facilitate more configurations. 




Sub-topic 1-2 MPR requirements
Issue 1-2-1: The antenna isolation for 4Tx PC1.5 4x23dBm PA MPR.
Agreement:
· Continue to use 10/20dB antenna isolation as in legacy case in requirements derivation. Detailed discuss with MPR requirements. 

Editor’s note: This agreement was already agreed in GTW. More comments can be provided.
	Company
	Comments

	Meta
	Fine with tentative agreement

	MediaTek
	Ok with the tentative agreement.

	LGE
	Fine with the tentative agreement

	Qualcomm
	Fine with tentative agreement. Continue to use 10/20dB antenna isolation as in legacy case in requirements derivation

	AT&T
	OK with the tentative agreement.

	Skyworks
	OK with WF but would need further input based on 2Tx measurements (5/15dB equivalent antenna isolation ) for MPR




Issue 1-2-2: What MPR requirements should be used?
Agreement: 
· Using 2 set of MPR requirements as a starting point and discuss the details in the draft CR 

Editor’s note: Option1 has received unanimous support during 1st round discussion. More comments can be provided.
	Company
	Comments

	Meta
	Fine with tentative agreement

	MediaTek
	Ok with the tentative agreement.

	LGE
	Fine with the tentative agreement

	Huawei, HiSilicon
	OK with the tentative agreement

	ZTE
	Fine with tentative agreement

	Qualcomm
	Prefer to use 1 MPR table for both antenna isolation values, but willing to accept the use of 2 MPR tables where one table is for 10dB antenna isolation, and the other is for 20 dB antenna isolation.

	AT&T
	OK with the tentative agreement.

	Skyworks
	Can decide based on the assessment of the two cases.



Sub-topic 1-3 Relation between configured transmitted power and TPMI configuration
Sub-topic background description:
This is not an issue specific for 4Tx, but for all the cases when power scaling is needed for legacy case and also Full Power transmission Mode when the full  power can not be applied for some TPMI configurations. Here are some of the status:
5. According to RAN1, there are power scaling Rel-15 and in certain TPMI configurations for ULFPTx modes  to reduce the maximum output power;
6. The UL-MIMO maximum power requirements do not verify the power scaling behavior;
7. The configurated transmitted power definition also do not consider the power scaling;
8. The PHR calculation do not consider power scaling.

Issue 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition
· Proposals
· Option 1: No.
· This is the current 38.101-1 status.
· Option 2: Yes 
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
· Option 3: Others
WF: 
	Further discuss this issue in next meeting.

Editor’s note: All but the proponent company prefer option 1. However, since this is the first time raise this issue, can be discuss further. 
	Company
	Comments

	Meta
	Support option 1 as specification aspect.

	MediaTek
	Ok with the recommended WF to further discuss in the next meeting.

	Nokia
	We don’t agree with Option 1. We are OK with the Tentative WF. At least the UE’s behaviour/performance must be clarified clearly. Otherwise, it is not possible for network to acknowledge which if a UE is referring to which PC MPR/A-MPR table. It’s noted that we are not saying that network needs to know being used MPR/A-MPR  value, but rather which PC MPR/A-MPR is being referred to by the UE since depending on being referred PC MPR table, suitable RB length, position, MCS can be different.

	LGE
	Fine with the tentative WF

	Huawei, HiSilicon
	OK with the tentative WF to have further discussion in next meeting and focus on the phase I requirements in this meeting. 

	Qualcomm
	Agree with tentative WF

	Ericsson
	Option 1: this follows the 38.213.



Issue 1-3-2: Whether acceptable for UE not able to achieve Pcmax it reports, e.g. for certain TPMI configurations;
· Proposals
· Option 1: No.
· This is the current 38.101-1 status.
· Option 2: Yes
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
· Option 3: Others

WF: 
	Further discuss this issue in next meeting.

Editor’s note: All but the proponent company prefer option 1. However, since this is the first time raise this issue, can be discuss further. 
	Company
	Comments

	Meta
	Support option 1 as specification aspect.

	MediaTek
	Ok with the recommended WF to further discuss in the next meeting.

	Nokia
	As the previous questionnaire, we don’t agree with Option 1. We are OK with the Tentative WF.

	LGE
	Fine with the tentative WF

	Huawei, HiSilicon
	OK with the tentative WF

	Qualcomm
	There is a problem in the wording of 1.3.2; there are two conditions that are being considered equal:
1. UE to have power scaling using an ‘unscaled config Tx power’ this aspect is about compliance with RAN1 Rel-15 requirements.
2. Not able to achieve PCmax it reports. This aspect is about compliance with RAN4 requirements, since PCMAX is defined in RAN4.

In our view, to prevent combing the two different discussions, 1.3.2 is better shortened to:

Whether acceptable for UE not able to achieve Pcmax it reports, e.g. for certain TPMI configurations.

Agree with moderator WF for this shortened version.

	Ericsson
	Option 1: the TPMI does not affect the Pcmax,f,c but the power per antenna port with non-zero PUSCH power (together with the scaling factor).



Issue 1-3-3: What kind of solution might be way forward?
· Proposals
· Option 1: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI
· Pcmax may not be always achievable under certain configuration
· Corresponds to option 1 in Issue 1-1 / 1-2
· Option 2: Consider revising RAN4 spec, that Pcmax can be adjusted by TPMI
· Pcmax can always be achievable, or introduce a maximum achievable output power for a configuration via ΔPpower_class in PCMAX calculation
· Corresponds to option 2 in Issue 1-1 / 1-2
· Option 3: Others

WF: 
	Further discuss this issue in next meeting.

Editor’s note: All but the proponent company prefer option 1. However, since this is the first time raise this issue, can be discuss further. 
	Company
	Comments

	Meta
	Support option 1 as specification aspect.

	MediaTek
	Ok with the recommended WF to further discuss in the next meeting.

	Nokia
	We don’t agree with Option 1. We are OK with the Tentative WF or Option 3. In our view, as commented in the 1st round, ΔPpower_class itself cannot be used to adjust achievable power, though we are open to discuss it. For instance, for a simple case, PC1.5 fullpowermode 1 UE may be using ΔPpower_class of 3 dB due to UL duty cycle exceeding, hence, the achievable power is 26 dBm at a time. This holds regardless of TPMI. If TPMI 2 is configured with, the UE needs to lower each of the PA’s power not to exceed 26 dBm. If TPMI 0 or 1 is configured with, still the UE can keep 26 dBm with one PA. Thus, taking max (ΔPpower_class , a new parameter pertinent to scaling factor) should be the right way, we guess. In any case, we are open to discuss it in the future  meetings.

	LGE
	Fine with the tentative WF

	Huawei, HiSilicon
	OK with the tentative WF

	Qualcomm
	Agree with tentative WF




Sub-topic 1-4 Others
Issue 1-4-1: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity
· Proposals
· Proposal 1:
· Table 4: Example of PCMAX,c tolerance for 4 Tx UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0



· WF:
· Further discuss this issue in next meeting.

	Company
	Comments

	Meta
	Fine with WF.

	MediaTek
	Ok with the recommended WF.

	LGE
	Fine with the recommended WF

	Huawei, HiSilicon
	OK with the WF.




Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on 4Tx UE RF requirements
	vivo
	

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2304161
	Relation between configured transmitted power and TPMI configuration
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304390
	4 Tx RF issues
	Qualcomm Technologies Int
	Noted
	

	R4-2304609
	4Tx UE RF requirements
	LG Electronics
	Noted
	

	R4-2305081
	Discussion on 4Tx UE RF requirements
	vivo
	Noted
	

	R4-2305295
	Discussion on 4Tx on for CPE FWA vehicle industrial devices
	Xiaomi
	Noted
	

	R4-2305561
	On UE RF requirements for 4Tx
	Huawei, HiSilicon
	Noted
	

	R4-2305562
	draft CR to TS 38.101-1 4Tx requirements (phase 1)
	Huawei, HiSilicon
	Revised
	

	R4-2305707
	Discussion on FR1 4Tx UE RF requirements
	MediaTek Inc.
	Noted
	

	R4-2305810
	Input on 4Tx MPR and antenna isolation assumptions
	Skyworks Solutions Inc.
	Noted
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2306595
	WF on 4Tx UE RF requirements
	vivo
	Agreeable
	

	R4-2306596
	draft CR to TS 38.101-1 4Tx requirements (phase 1)
	Huawei, HiSilicon
	Agreeable
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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